The Dictyosteliaceae, a family of simple amoeboid slime molds, are distinguished by their capacity to construct multicellular fruiting structures through the aggregation and orderly differentiation of large numbers of previously independent myxamoebae. The onset of the fruiting stage is marked by a dramatic shift from a free-living state to an interdependent population in which the cells become conspicuously elongated and orient themselves toward inflowing streams of myxamoebae which they join to form a cell community, or pseudoplasmodium. Subsequent development is characterized by a progressive integration of the assembled cells, the mass of myxamoebae behaving as a coordinated functioning whole wherein the differentiation of each member cell is influenced, apparently, by the remainder of the cell aggregate. The end result is the construction of a well-proportioned fructification, or sorocarp, consisting of two types of contrasting and strongly differentiated cells: spores, or propagative cells, that form an apical rounded spore head, or sorus; and polygonal, vacuolated, pith-like cells that comprise the stalk, or sorophore, which supports the sorus (or sori in branched forms).
The Dictyosteliaceae, a family of simple amoeboid slime molds, are distinguished by their capacity to construct multicellular fruiting structures through the aggregation and orderly differentiation of large numbers of previously independent myxamoebae. The onset of the fruiting stage is marked by a dramatic shift from a free-living state to an interdependent population in which the cells become conspicuously elongated and orient themselves toward inflowing streams of myxamoebae which they join to form a cell community, or pseudoplasmodium. Subsequent development is characterized by a progressive integration of the assembled cells, the mass of myxamoebae behaving as a coordinated functioning whole wherein the differentiation of each member cell is influenced, apparently, by the remainder of the cell aggregate. The end result is the construction of a well-proportioned fructification, or sorocarp, consisting of two types of contrasting and strongly differentiated cells: spores, or propagative cells, that form an apical rounded spore head, or sorus; and polygonal, vacuolated, pith-like cells that comprise the stalk, or sorophore, which supports the sorus (or sori in branched forms).
It is this relatively simple behavioral pattern involving progressive specialization and ultimate differentiation into two cell types that has led investigators to utilize the Acrasieae, and particularly species of Dictyostelium, for researches on cell differentiation. Most students of these slime molds have believed the two cell types to be not only morphologically but also functionally distinguishable. Har- per's statement of this concept expresses the generally accepted view: "The very cells which initiate and carry out the process of building the sorophore are sacrificed in the interests of giving the remainder a better place in the sun";' i.e., a substantial proportion (often approximately 25%) of the cells within a fruiting population becomes incapable of propagating the species. This notion was first questioned by Sussman in 19512 in a paper wherein he described a method for clonal plating and isolation of these slime molds. Plating mixed populations of different cell types, he calculated from indirect evidence that in Dictyostelium purpureum and in D. mucoroides the probability of stalk cells giving rise to myxamoebae was the same as for spores, if both kinds of cells were placed in a similar environment. The same conclusion has been reaffirmed in two subsequent papers.3' 4 Thus he implies that the difference between the stalk cells and spores is primarily a morphological rather than a functional discontinuity. If this were true, much of the published research relating to these organisms would be of questionable significance, for many investigators have emphasized their usefulness as relatively simple models of systems of cellular differentiation that may be operative in higher organisms.
As a result of observations extending over a period of many years which included, more particularly, the detailed study of sorocarp formation in Dictyostelium discoideum by Raper and Fennell,5 we have long questioned Sussman's contention that "all of the cells, regardless of state of development or position in the sorocarp, are identical in their capacity to originate clonal growth with subsequent formation of normal fruiting structures."2 Only recently have we had an opportunity to undertake a careful investigation of this matter. We have worked specifically with Dictyostelium purpureum, strain #3645, and the data presented herewith relate to this culture. However, from comparative study of the three cultures investigated by Sussman, which were received from one of us (K. B. R.), we believe that our results are as meaningful for them and for other members of the Dictyosteliaceae as they are for the strain upon which our attention has been concentrated. Small fragments of stalks and isolated stalk cells of Dictyostelium purpureum were transplanted and examined in environments which should have permitted establishment of myxamoeboid clones if stalk cells were capable of regrowth. Such revegetation in the proved absence of spores, encysted myxamoebae (microcysts),6 or vegetative cells has not been observed.
A water suspension of slime mold spores and Escherichia coli was streaked on an agar medium containing 0.1 per cent lactose and 0.1 per cent peptone (designated 0.1 L-P) and the plates incubated at room temperature (220C) until the characteristic wheel-like aggregations of myxamoebae appeared along the line of inoculation. Small agar blocks containing the largest aggregates were then transferred to a water-agar substrate and further incubated in one-sided light to allow extended migration of the pseudoplasmodia in the absence of vegetative myxamoebae, spores, and microcysts. In other cases sorocarps were allowed to develop in situ on 0.1 L-P agar plates. Under each of these conditions, the stalks developed horizontally and in contact with the substrate surface, as is illustrated in Figures  1 and 2 . Examination with a 4 mm objective (440 X) permitted us to select portions of stalks that exhibited the least surface irregularity. Previous experience had shown that rounded cellular bodies (micryocysts?) not having the characteristic appearance of most stalk cells or of irregularly-vacuolated cells external to the sorophore sheath, often adhered to the stalk surface (Fig. 8) not older than two days and transferred on small blocks of agar (to prevent desiccation) to either 0.1 L-P or Sussman's SM medium.2 Each fragment was again examined at 440 X to estimate the number of cells present. If no spores or microcysts were observed, one drop of a bacterial suspension (E. coli on 0.1 L-P; Aerobacter aerogenes on SM agar) was placed on the fragment to provide nutrient for any emergent myxamoebae. A third examination confirmed that the fragment remained within the confines of the added bacterial inoculum. Spores planted in a similar manner served as controls. The plates were incubated at 220C for 6 days and examined daily for the presence of myxamoebae and/or fruiting bodies. In all experiments, myxamoebae appeared on the control plates within two days and normal sorocarps developed by the third day.
The results of 6 experiments recorded in Table 1 show that only 1 stalk fragment out of 81 initiated a clone of myxamoebae. The experiments utilizing SM medium simulated the cultural environment employed by Sussman,2 whereas 0.1 L-P agar has been much used in our laboratory. Rapid growth and normal development of D. purpureum occurs on each substrate in association with E. coli or Aerobacter aerogenes. It does not seem unreasonable to attribute the single exception to chance contamination by a myxamoeba, microcyst, or spore that was overlooked during the microscopic examinations. Sussman had used dissociated cells in his tests, whereas we had transplanted stalk fragments without disrupting intercellular relationships. Recognizing that the behavior of individual cells, including any potential regenerative capacity, might be different under these contrasting conditions, various techniques were investigated in attempts to prepare suspensions in which the stalk cells were dispersed as separate entities. Selected stem fragments were placed in small amounts of physiological salt solution in test tubes-and vigorously triturated against the side of the vessel (as recommended by Sussman),2 but no single, intact cells were dislodged from them, albeit the fragments were conspicuously broken and distorted. (Examples of stalks broken transversely and longitudinally are seen in Figs. 9 and 10). Similar fragments were then placed in small conical tissue homogenizers with differing amounts of salt solution and, employing varying degrees of pressure, efforts were made to disrupt the stalks sufficiently to release single cells. The objective was not attained. Rather the whole structures were dismembered to the point where virtually all evidence of their prior cellular structure was obliterated (Fig. 11) , a condition seen earlier in D. discoideum5 when sorophores were crushed.
In no case did we succeed in separating cells from portions of a sorophore wherein such cells had become sufficiently differentiated to assume angular outlines incident to final vacuolation and compression within the enveloping cellulose sheath that surrounded them (see Raper and Feiinell,5 for details of sorophore formation and structure). In no case did we observe growth of Dictyostelium when such homogenates were added to suitable nutritive bacteria on favorable culture media.
Other methods of freeing the differentiated stalk cells under conditions that might favor any possible regenerative capacity were considered. Implantation of stalk fragments in the presence of cellulose-decomposing bacteria offered an attractive possibility. Earlier studies had demonstrated that the myxamoebae of Dictyostelium discoideum would feed and vegetate upon the cells of Cellulomonas fima and that, conversely, these bacteria were capable of decomposing the cellulosic component of mature sorophores.5'7 It was reasoned, therefore, that the same relationships might apply to D. purpureum, and that, in the course of these counteractivities, Cellulomonas might, in degrading the cellulose, release protoplasts (if such still persisted but for which there was no visual or cytological evidence) which then being freed could phagocytize the bacterial cells. No growth of the slime mold occurred in any case where a carefully selected stalk fragment was so implanted, although satisfactory growth and fructification did occur within three days in control plates where either spores or myxamoebae were introduced into colonies of Cellulomonas under like circumstances. As in the earlier experiments, the age of the stalk fragments tested were from one to two days.
Implantation of stalk fragments on non-nutrient agar in the presence of a pectindestroying bacterium, Erwinia carotovora (which it was thought might degrade the intercellular cementing substance if perchance this represented pectin) yielded similar negative results after prolonged incubation. Controls seeded with spores, but otherwise duplicating the tests, yielded mature sorocarps within three days. Like Harper,2 and Brefeld8 before him, the authors concluded that fully differentiated stalk cells of Dictyostelium are indeed sacrificed in the construction of the fruiting body and are no longer capable of propagating these slime molds.
It now became of special interest to determine at what stage of the differentiative process cells destined to become elements of the stalk do in fact lose their regenerative capacity. It has long been known that undifferentiated myxamoebae are capable of reverting to the vegetative stage if separated from the fruiting organization of which they are an integral part and placed in the presence of nutritive bacteria, this applying equally well to the aggregative stage, the migrating phase, if such occurs, and at least the earlier stages of sorocrap formation.9 The above experiments indicate with equal clarity that stages are reached, however, where a cell becomes irrevocably either an encapsulated spore, and so retains its reproductive ability, or a vacuolated stalk cell, and so loses this capacity. The latter phenomenon was investigated. Dictyostelium purpureum builds long-stalked sorocarps in the direction of the light source when cultivated under favorable conditions in one-sided light, as seen in Figure 1 . In developing sorocarps of this type with stalks up to 6-7 cm in length, the still-undifferentiated sorogens (Figs. 2, 3 ) within which sorophores are forming are often far removed from any free-living myxamoebae or microcysts. Such horizontally oriented sorophores afford ideal material for detecting the "point of no return" in the differentiation of stalk cells. When the sorogen is in contact with the agar, one can, by careful manipulation, pull the stalk from inside this, including the terminal funnel-shaped portion wherein the nascent stalk cells are undergoing rapid and fiuial vacuolation. Figure :8 illustrates such a sorogen with the site of active sorophore formation clearly evident. The apical portion of a sorophore removed from a comparable sorogen is shown in Figure 4 , and some detail of its internal cellular composition is revealed. In the proximal portion cells are strongly vacuolated, compressed, and cemented together, forming a rigid structure, whereas at the still-expanded distal end some uncompacted cells appear as rounded, vacuolate myxamoebae within a field of less-differentiated cells.
In the first series of experiments, thirteen sorophores were removed from their sorogens in the manner described, carefully washed to free them of external amoeboid cells, placed on non-nutrient agar, and examined at 440 X to insure the absence of all extraneous cells. Short, intact apical segmets were then removed to other locations on the plate and covered with a heavy suspension of E. coli cells. No slime mold growth occurred in any case.
The total absence of growth led us to suspect that the uncemented cells had been washed free from the open end of the sorophore and that our test was, in reality, comparable to those previously described for intact segments. Individual cells from the formative area were then isolated and tested. Starting with a properly isolated and prepared sorophore, cells from the area of rapid vacuolation were expressed by the application of a slight lateral pressure, much as one might remove the ascospores from an ascus of N eurospora. These were then dispersed on the agar surface and individual cells removed and placed in environments suitable for revegetation if this capacity still remained.
Two experiments were performed. In the first of these, the portion of the sorophore from within the sorogen was carefully isolated. Attention was focused on the apical, funnel-shaped region where some of the cells already possessed conspicuous walls, being enlarged, strongly vacuolate, and rounded but not mutually compressed, i.e., differentiation was progressing rapidly but the cells had not yet assumed their final and definitive shapes (Fig. 4) . Six single, strongly vacuolated, rounded, walled cells were isolated with fine glass needles and transferred to non-nutrient agar on small blocks of the same medium. A drop of a heavy suspension of E. coli was placed on each cell. No evidence of growth was observed within three weeks. In another case, a group of four or five unwalled cells handled in a similar manner exhibited growth with normal fruiting within three days.
In the second experiment a similar portion of a stalk was carefully isolated and the non-differentiated pre-spore myxamoebae surrounding it were removed by gently dragging it along the surface of the substrate. The stalk was then compressed to eject the rounded, partially differentiated cells from the stalk sheath, and these were dispersed as seen in Figure 5 . Examination at 440 X confirmed these to be enlarged stalk cells, not yet mutually compressed, interspersed with a few nondifferentiated cells. Forty-four of the rounded, vacuolate cells were isolated and incubated on non-nutrient agar with added E. coli. After five days, three spots exhibited mature sorocarps, whereas the remaining forty-one showed no slime mold growth after three weeks. It is presumed that the three isolations that yielded colonies of slime mold resulted from undetectably less-differentiated cells which still retained regenerative capacity, or that they shielded still undifferentiated myxamoebae which escaped our examination at the time of transfer.
We with the sorocarps that were triturated and examined, for the presence of myxamoebae in the suspensions was mentioned; (2) the entire sorocarps analyzed" may have been somewhat immature, hence contained in addition to spores and mature stalk cells a greater number of undifferentiated myxamoebae than was realized; (3) another possibility, believed highly improbable, is that the so-called stalk cells in some way stimulated the germination of spores, for the number of plaques did not exceed the number of spores present but rather the number of plaques anticipated upon the basis of plating efficiencies obtained with spores alone; (4) Thermodynamic Properties. Metals melt at comparatively low temperatures. This is because positive metal ions rather than atoms become randomly oriented in the melting process. Since the ions are only about a third as large as the atoms, the holes needed are only a third as large, and so AH is only a third as large. The effect of this may be seen by recalling the equation AH/T = AS. Since AH is only a third as large for ions while AS is not greatly different, the temperature of melting T must be correspondingly lower. This hypothesis that ions are important in metals is substantiated by viscosity data1 which indicates that the hole size in metals is relatively small compared with the atom volume, although normal as compared with the ion volume.
Any hole theory for liquid metals should incorporate this idea. Kincaid and Eyring2 applied Hirschfelder and Eyring's theory of liquids3 to liquid mercury to predict many of its thermodynamic properties. White4 used the partition function of Walter and Eyring to calculate the thermodynamic properties of several molten metals. He calculated the viscosities of some of them as well.
The first part of this paper contains thermodynamic properties calculated for molten metals by the method of significant structures of Eyring, Ree, and Hirai. 6 The second portion discusses the application of the method of significant structures
